Raspberry ketone {RK, 4-(4-hydroxyphenyl)butan-2-one} is structurally resembles 4-(4-hydroxyphenyl)-2-butanol, which causes leukoderma on consumers' skin. Therefore, it is important to measure in cosmetics for quality assessment. Very recently, an HPLC-fluorescence method for determination of RK in a fragrance mist by pre-column derivatization with 4-hydrazino-7-nitro-2,1,3-benzoxadiazole hydrazine was established. However, the derivatization conditions (80˚C, 20 min) were severe. In this study, an improved pre-column derivatization with 4-(N,N-dimethylaminosulfonyl)-7-(N-chloroformylmethyl-N-methylamino)-2,1,3-benzoxadiazole (DBD-COCl) is presented by HPLC-fluorescence method for determination of RK. The DBD-CO-RK derivative was eluted from a reversed-phase ODS column, and detected with excitation at 440 nm and emission at 543 nm. Derivatization was performed at room temperature for 3 min. The retention time of DBD-CO-RK derivative was 16.8 min. The standard curve was linear in the range of 0.05 to 2.5 μg/mL, with a correlation coefficient (r 2 ) value of 0.9988. The lower limit of detection was 0.01 μg/mL (absolute amount of 0.3 pmol). The coefficients of variation were less than 10.0%. The content of RK in fragrance mist (1.00 mL) was 1.20 ± 0.08 mg (range, 1.10 to 1.31 mg, n = 5). Recovery tests were satisfactory 
Introduction
Raspberry ketone {RK, 4-(4-hydroxyphenyl)butan-2-one}, which is present in red raspberry, was reported to have an anti-obesity effect [1] [2] [3] , to possess a depigmenting activity in C57 black mice [4] , to inhibit melanogenesis in cultivated murine B16 melanoma cells [5] and to suppress proliferation of normal melanocytes [6] . These findings indicated that RK would be useful for skin whitening, and RK-added cosmetics are already commercially available. In addition, cosmetics containing rhododendrol {4-(4-hydroxyphenyl)-2-butanol}, which structurally resembles RK, were withdrawn from the market in July 2013, because of observation of leukoderma on consumers' hands and face [7] . Thus, it seems important to measure the RK level in cosmetics, since RK may induce advertised effects like those of 4-(4-hydroxyphenyl)-2-butanol.
High-performance liquid chromatographic (HPLC) methods with ultraviolet-visible absorption detection and gas chromatographic (GC) method using a flame ionization detector have been developed to determine raspberry ketone [8] [9] [10] .
Although a coupled loop-type HPLC-GC method was established for analysis of RK in raspberry sauce, this technique may be unsuitable for broad application [11] . In addition, GC and HPLC methods coupled with mass spectrometry have been utilized for RK determination, but the equipment is expensive and complex [12] [13] . Very recently, HPLC-fluorescence determination of RK was developed using pre-column derivatization with 4-hydrazino-7-nitro-2,1,3-benzoxadiazole (NBD-H) [14] . While the assay possessed low cost and exhibited a high sensitivity (absolute amount of 1.8 pmol), optimum derivative conditions were relatively severe (80˚C, 20 min).
RK possesses a phenolic hydroxyl group as well as a carbonyl group in the chemical structure. NBD-H reacts toward a carbonyl group of RK. Several papers about HPLC-fluorescence method after mild and rapid derivatization (at room temperature, for 3min) using acyl chloride compounds toward a phenolic hydroxyl group were reported [15] [16] [17] . Therefore, in the present study, an HPLC-fluorescence method for determination of RK in a fragrance mist after pre-column derivatization with an acyl chloride compound, 
Experimental

Materials
RK and DBD-COCl were purchased from Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan). Fragrance mist was obtained via the internet. Acetonitrile and distilled water for HPLC was purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). Trifluoroacetic acid was obtained from Wako Pure Chemical Industries (Osaka, Japan).
HPLC Instrumentation and Chromatographic Conditions
The HPLC system consisted of a model L-6200 pump (Hitachi, Tokyo, Japan), a 
Preparation of Standard Solutions, Lower Limits of Detection and Quantification
After dissolving RK (5.0 mg) in methanol (1.0 mL), standard stock solution (50 μg/mL) was prepared by dilution with distilled water and stored at 4˚C. Working 
Derivatization
Borate buffer (0.1 M) was adjusted to pH 9.0 by the addition of NaOH. Borate buffer (50 μL) was added to diluted standard samples (50 μL). DBD-COCl solution in acetonitrile (2 mg/mL, 100 μL) was added and vortexed. The mixture was allowed to react for 3 min at room temperature. Saturated L-aspartate solution (50 μL) was added to stop the reaction, and aliquots (20 μL) were injected into the HPLC system.
Application to Fragrance Mist Sample and Evaluation of Recovery
Fragrance mist was diluted 1600-fold with distilled water, and then analyzed as described above. Fragrance mist (1.0 mL) was spiked with 1.0 mg of RK, and spiked sample was diluted 1600-fold with distilled water. The resulting sample was analyzed to determine recovery of the added standard in order to assess the accuracy of the method.
( ) 
Results and Discussion
Time Course of Derivatization of RK with DBD-COCl
For the time course study, the reaction time was set at 1.5, 3, 5, 10, and 15 min.
RK (50 μL, 1 μg/mL), borate buffer (50 μL, pH 9.0) and DBD-COCl (50 μL, 2 mg/mL) were mixed as described in 2.4. Derivatization. The maximum peak area was reached at 3 min (Figure 2 at pH 9.0 showed the maximum. The peak area was remarkably low at neutral pH, and was tended to decrease at pH 9.5 and 10.0. Thus, the derivatization time of 3 min at pH 9.0 was chosen for the assay. Figure 3 shows typical chromatograms obtained from (A) standard sample (1 μg/mL) and (B) test sample of a fragrance mist (diluted 1600-fold with distilled water). The retention time of DBD-CO-RK derivative was 16.6 min. A peak of DBD-CO-RK derivative was observed in the test sample. The running time was set at 30 min, because unknown peak was detected at 28.8 min.
Chromatogram
Standard Curves of RK
The standard curve of RK was constructed by plotting integrated peak area vs. RK is a volatile compound, and has been analyzed by GC-mass spectrometry [10] and GC with a flame ionization detector [11] , but those reports did not clearly describe the sensitivity of their methods. Also, the lower limit of detection of RK with the previous HPLC methods was not established [8] [9] [13] .
However, HPLC analysis using a pre-column derivatization with NBD-H showed detection limits of 1.8 pmol [14] . Therefore, the sensitivity of the present method (0.3 pmol RK) appears to be improved.
Precision and Accuracy
Precision and accuracy in intra-day and inter-day assays of RK are shown in Table 1. In the intra-day assay, the range of standard deviation was within 4.3% to 8.6% of the mean and recovery was within the range of 96.8% to 102.2%. In the inter-day assay, the range of standard deviation was within 5.7% to 10.0% of the mean and recovery was within the range of 97.6% to 100.8%.
Analysis of a Fragrance Mist
The developed method was used to determine RK in fragrance mist and in fragrance mist spiked with authentic standard. The concentration of RK in fragrance mist was 1.20 ± 0.08 mg/mL (average ± S.D., range, 1.10 to 1.31 mg/mL, n = 5, data not shown). Recovery of RK from spiked fragrance mist was 91.8 ± 5.4% (average ± S.D., range, 84.2 to 98.2%, n = 5, data not shown). The present concentration of RK in fragrance mist was almost fully consisted with previous data (1.18 ± 0.07 mg/mL) [14] . Those data suggest the present assay would be suitable for RK determination.
Conclusion
An improved HPLC-fluorescence method for determination of RK in fragrance mist has been developed by using DBD-COCl as a fluorescence-labeling reagent.
Since derivatization conditions are mild and rapid, the present method would be more useful than previous method [14] . Also, sensitivity of the method is 6-fold improved. The mean content of RK in the mist (1.00 mL) was found to be 1.20 ± Table 1 . Intra-and inter-day assay reproducibility for determination of RK. 
